Investigating the accelerated expansion of the universe with cosmography is a best method to constraint cosmological models. In this work, in the F (G) modified gravity framework, we obtain equations of motion in a flat FRW metric. Then we reconstruct the present day values of F (G) and its derivatives with the cosmographic parameters on the only assumption that the universe is homogenous and isotropic on large scale. Also we investigate the conditions of cosmologically viable F (G) gravity models with the fiducial data set values.
Introduction
Recent accelerated expansion of our universe is one the most significant cosmological discoveries over the last decade [1, 2, 3, 4] . In order to explain this interesting behavior, many theories have been proposed. Although it is widely accepted that the cause which drives the acceleration is the so called dark energy, its nature and cosmological origin still remain enigmatic at present. The simplest suggestion for dark energy is cosmological constant. But it suffers from two kind of problems [5] : fine tuning and coincidence problem. A dynamical scalar field with quintessence or phantom behavior is another proposal for dark energy ( for reviews see [6] ).
Apart from the mentioned possibility of the existence of dark energy, a prominent possibility is that the gravitational interaction is modified at (at least) cosmic scales. Amongst the latter, models generalizing the EinsteinHilbert action have been proposed. The Einstein field equations of General Relativity (GR) were first derived from an action principle by Hilbert, by adopting a linear functional of the scalar curvature, R, in the gravitational Lagrangian density. However, there are no a priori reasons to restrict the gravitational Lagrangian to this form, and indeed several generalizations of the Einstein-Hilbert Lagrangian have been proposed. The simplest way for modification of GR is to replace Ricci scalar, R in Einstein-Hilbert action with a general function of the Ricci scalar which is well known as F (R) gravity [7, 8] . For this kind of modification, one assumes that the gravitational action may contain some additional terms which starts to grow with decreasing curvature and obtain a late time acceleration epoch. One of the other of modification of Einsteins gravity is Gauss-Bonnet (GB) modification. As a possibility the Einstein-Gauss-Bonnet gravity is low energy limit of the string theory is of particular interest because of its special features. The GB generalization adds quadratic terms, involving second order curvature invariants (specifically Gauss-Bonnet term is a topological invariant in four dimensions) to the Einstein-Hilbert Lagrangian [9] , (see also [10] ). As mentioned , in 4-dimension the GB term is trivial. Therefore, it is usually used from another form of modified gravity known as modified GB theory, e.g. see [11] . In this theory, modification is done by adding an arbitrary function F (G) into the Einstein-Hilbert Lagrangian. Also, in the present work, we focus on this model, but with an unknown function F (G) in hand that must be determined for expanding accelerated universe in spatially flat FRW geometry. It is worth noting that both dark energy models and modified gravity theories have shown to be in agreement with the data.
However a possible solution could be to come back to the cosmography rather than finding out solutions of the Friedmann equations and testing them. In the present paper, we discuss the possibility to constrain F (G) gravity models using a cosmographic approach [12] . Cosmography relies on two crucial things: I) extracting the maximum amount of information from measured distances, like the luminosity distances of SNeIa, II) assuming that the universe is homogenous an isotropic on large scale. Recently, this approach was considered by using SN in [13] , SN+GRBs in [14] and SN+OHD+BAO in [15] , where the current status of our universe can be read. This paper is outlined in the following manner: In Section 2 we briefly review modified Gauss-Bonnet gravity, for self-completeness and self-consistency, and present the respective field equations. In section 3 we introduce the basic notions of the cosmographic parameters then, write down all the quantities relevant of the F (G) models (are presented in previous section) in terms of the cosmographic parameters. Inserting cosmographic parameters of ΛCDM model into the expressions of the F (G) quantities, we will investigate in section 4. Section 5 contains the main result of the paper demonstrating how the F (G) derivatives can be related to the cosmographic parameters and we use these results and constraints on the cosmographic parameters to derive the cosmologically viable of F (G) models and model independent estimates of the present day values of the F (G) derivatives. Finally, in Section 6, we present our conclusions.
Field equations and F (G) modified gravity
We start with the 4-dimensional action in F (G) gravity
where R is Ricci scaler curvature, F (G) is a generic function that must be determined 3 , k 2 = 8πG and S m is the matter action.
Varying the action with respect to the metric, one can obtain the field equation as
where G µν the Einstein's tensor, T m µν is the energy-momentum tensor of the matter, k 2 = 8πG = 1 and prime denotes the ordinary derivative with respect to G. For spatially flat Robertson-Walker metric
we have
where H is the Hubble parameter and dots denotes the time derivative.
Considering that the universe is filled by pressureless dust matter, under the assumption of a flat universe the Eq.(4) read
and also continuity equations for the densities ρ m satisfy the following forṁ
Considering F (G) gravity as a factor that, is causing the accelerated expansion of the universe, we can rewrite the energy density and pressure of this dark energy as follows
The continuity equation for ρ G leads tȯ
with the equation of state as
Here, quantities ρ G and ω G depends on H, G, F (G) and there derivatives. These quantities could be related to the observed acceleration of the universe.
F(G) gravity vs cosmography
In this section, firstly defined cosmographic parameters then, instead of solving Eq. (6) for given values of the boundary conditions, we obtain the relation between the present day values of F (G), its derivatives and cosmographic parameters.
A.Cosmography parameters
The cosmographic parameters that are proportional to the coefficients Taylor series expansion of the scale factor with respect to the cosmic time defined as
which are usually referred to as the Hubble, deceleration, jerk, snap and lerk parameters, respectively. For example, the present value of Hubble parameter H 0 describes the present expansion rate of our universe, and a negative value of q 0 means that our universe is undergoing an accelerated expansion while, j 0 allows to discriminate among different accelerating models. We can rewrite the Hubble parameter and its derivatives in terms of cosmographic parameters asḢ
where a dot denotes derivative with respect to the cosmic time. Using Eqs. (17)- (20) we can rewrite the Gauss-Bonnet term and its derivatives in terms of cosmographic parameters.
B.F(G)-derivatives and cosmography
Rather than solving Eq.(6) and choosing F (G) by given values of boundary conditions, we reconstruct the present day value of F (G) and its derivatives with the present time of the cosmographic parameters (
Considering Eq.(4) and differentiating with respect to t, one can obtain the following equationṡ
Since we will reconstruct the present day value of F (G) and its derivatives, then rewrite Eqs.(5), (6) at the present time t = t 0 as
with Ω 0m the present day matter density which is obtained from the matter continuity equation.
We will assume that F (G) may be well approximated by its third order Taylor expansion in (G − G 0 ) following as
with G 0 being the current value of G. Here we assume
dG n = 0 for n ≥ 4. In order to get the third derivative of F (G), we differentiate of Eq.(6) with respect to t and evaluate in (t = t 0 ). One finally obtain
Evaluate the present day value of (Ḣ,Ḧ, (17)- (20) and substitute these equations into Eq. (4) and Eqs. (21)- (23) to obtain G and its derivatives at the present time: 27) finally, we reconstruct the present day value of the second and the third order derivatives of F (G) with respect to cosmographic parameters at z = 0 as Insert Eq.(32) into Eq.(24) and we get to relation between the present day value of F (G) and its first derivative
where
Eqs.(32)-(40) make it possible to estimate the present day values of the second, the third derivatives of F (G) and the relation between F (G) and its first derivative as function of the Hubble constant H 0 and the cosmographic parameters (q 0 , j 0 , s 0 , l 0 ) provided a value for the matter density parameter Ω om is given. Although, the value of Ω 0m is usually the result of fitting a given dataset in the framework of an assumed dark energy scenario, but different models all converge towards the concordance value Ω om ≃ 0.25 which is also in agreement with astrophysical (model independent) estimates from the gas mass fraction in galaxy clusters. Indeed, Eqs.(32)-(40) are ideal tools to testing F (G)-gravity models with observational dataset .
The ΛCDM model
We can test the reliability by comparing result are obtained in previous section with spatially flat ΛCDM model. The cosmographic parameters for the ΛCDM model with equation of state parameter ω = −1 at the present time read
Inserting Eqs. (41)- (44) into Eqs. (32) and (33) gives
From Eq.(31) and the previous equations in Eqs. (41)- (44) one can obtain
The equation of state for these models defined by Eq.(11) that, by using Eq.(45) reduce to ω G = −1. Thus, we obviously conclude that the R + F (G) theory having exactly the same cosmographic parameters as the ΛCDM model with equation of state
If we assume G 0 F ′ (G 0 ) = 2Λ then F (G 0 ) = Λ and the action Eq.(1) reduce to GR + Λ + matter.
Constraining F (G) parameters
In order to constrain the model by cosmography, i.e. to estimate the function
at the present time, we need to constrain observationally the cosmographic parameters by using appropriate distance indicators. Moreover, we must take care that the expansion of the distance related quantities in terms of (q 0 , j 0 , s 0 , l 0 ) closely follows the exact expressions over the range probed by the data used. Taking SNeIa and a fiducial ΛCDM model as a test case, one has to check that the approximated luminosity distance 4 deviates from the ΛCDM one less than the measurement uncertainties up to z ≃ 1.5 to avoid introducing any systematic bias. Since we are interested in constraining (q 0 , j 0 , s 0 , l 0 ), we will expand the luminosity distance D L up to the fifth order in z which indeed allows us to track the ΛCDM expression with an error less than 1% over the full redshift range. We have checked that this is the case also for the angular diameter distance D A = D L (z)/(1 + z) 2 and the Hubble parameter H(z) which, however, we expand only up to the fourth order to avoid introducing a further cosmographic parameter. In order to constrain the parameters (h, q 0 , j 0 , s 0 , l 0 ), we consider the dataset that is used in [12] and are summarized in Table 1 .
In order to translate our constraints on the cosmographic parameters on similar constraints on F (G) and its derivatives, we should just use Eqs.(32), (33) and (39) evaluating them along the final coadded and thinned chain and then looking at the corresponding histograms. We define quantities for shortness as Table 1 .
We constrain these quantities by setting the value of Ω 0m along the chain using Ω 0m = ω m h −2 with the physical matter density ω m = 0.1329 in agreement with the WMAP7 data. For each value of h along the chain, we fix Ω m0 = ω m /h 2 having neglected the error on ω m since it is subdominant with respect to the one on h. We stress that, although the fiducial value for ω m has been obtained for a ΛCDM model, it should be unchanged for any model which reduces to the GR + matter domination at the CMBR epoch as is our case.
We finally analyize the present day value of quantities summarized in Table 2 . It is worth noting that the f i values become smaller as the order n of the derivative increases and it is in agreement with our assumption in Eq.(26). Note also that, mean and median from the marginalized likelihood values of (f 2 , f 3 ) are almost equal and are not quite different from their median values. As a further remark, we note that the confidence ranges of constraints on f 0 , f 2 , f 3 (in particular, for 95%) become larger as the order i of the derivative increases. Which caused the degeneracies among (q 0 , j 0 , s 0 , l 0 ) and the nonlinear behavior of the relations f i .
B. Observational constraints on cosmologically viable F (G)
gravity models
In this section, we translate the constraints on the cosmographic parameters on similar constraints on the present day values of conditions cosmo- Table 1 .
logically viable F (G) models. De Felice et al. [16] have investigated the viability of cosmological F (G) gravity models. They started work with our action Eq.(1) in a spatially FRW background with the metric signature (-, +, +, +) and showed that the viable of this models need to satisfy the following conditions:
• (1) F (G) and its derivatives F ′ (G), F ′′ (G),... are regular.
• (2) F ′′ (G) > 0 for G ≤ G 1 and F ′′ (G) approaches +0 in the limit |G| → ∞.
• (3) 0 < H 6 1 F ′′ (G 1 ) < 1/384 ≃ 0.0026 is the stable condition at the de Sitter point.
• (4) 0 < H 6 1 F ′′ (G 1 ) < 1/600 ≃ 0.0017 corresponds to a stable spiral (damping with oscillations).
Here index 1, in this context, denotes the calculated values of this quantities in de-Sitter point. In order to investigate the above conditions with the cosmographic parameters at the present time, we use Table 1 and evaluate M 0 = H 6 0 F ′′ (G 0 ). Finally, the present day values of f 2 = F ′′ (G 0 ) and M 0 summarize in Table3.
The observational constraints summarized in Table3 shows that, the present day value of f 2 = F ′′ (G 0 ) > 0 and it is in agreement with the similar results in [16] to have a stable de -Sitter point in F (G) models. We also note that the values M 0 = H 6 0 F ′′ (G 0 ) in Table3 corresponds to a stable spiral de -Sitter point (damping with oscillations).
C. Cosmography VS F (G) models
Up to now, for a generic function of F (G), we obtain observational constraints on F (G) and its derivatives from cosmographic parameters. Now, we check the viability of a given F (G) model with constraints are provided in previous section without the need of explicitly solving the field equations and fitting data.
As an example, we assume the following model as [17] 
where α, β and n are constants. Using quantities Eq.(47) and Eqs. (32), (33) and (39), one can obtain the following expressions
Solving the first and second equations with respect to (α, β) leads to
Inserting α and β into the third equation of Eq.(51), we obtain two set solutions for n.
with
We can see that values of (α, β, n) depends on the values of (q 0 , j 0 , s 0 , l 0 ) then, one may obtain one, two or any acceptable solution, i.e. real positive values of n. If the final values of (α, β, n) are physically viable, we can conclude that the model in Eq.(48) is in agreement with the data giving the same cosmographic parameters inferred from the data themselves.
Conclusion
Cosmography is a ideal way to give a picture of the observed universe considering only assumptions that, the universe is homogenous and isotropic on large scale. In the present paper we have discussed the cosmography of a modified GB model with an unknown function of topological invariant GB. At first we have defined cosmographic parameters, then instead of solving equations of motion for given values of the boundary conditions, we have obtained the relation between the present day values of F (G), its derivatives and cosmographic parameters. We have assumed that F (G) may be well approximated by its third order Taylor expansion in (G − G 0 ). Then we have reconstructed the present day value of the second and the third order derivatives of F (G) with respect to cosmographic parameters at z = 0 by Eqs.(32), (33). We also found a relation between the present day value of F (G) and its first derivative. This recent relation and also the second and the third order derivatives of F (G) are functions of the Hubble constant H 0 and the cosmographic parameters (q 0 , j 0 , s 0 , l 0 ), and Ω om . In contrast to the cosmography investigations in f (R) and f (T ) [12] here we note that, in our model do not have to considering this assumption that G ef f (z = 0) = G N → f ′ (0) = 1. We transfer the constraints on (H 0 , q 0 , j 0 , s 0 , l 0 ) and Ω om into similar ones for f i quantities and summarized them in Table 2 . It is worth noting that, these constraints (comes out from f i ) showed that, the validity of our assumption in the Taylor expansion of F (G) which is
dG n = 0 for n ≥ 4. On the other hand, it is clear that the increasing order of expansion shifts away from the ΛCDM fiducial values. Then, it is possible recover the ΛCDM with the above assumption in F (G) gravity.
As a further remark, we have investigated the conditions of cosmologically viable F (G) gravity models with the fiducial values in Table 3 . These values were in agreement with the viable conditions of this model that the authors of [16] investigated, so that the stable condition is f 2 = F ′′ (G) > 0 and 0 < H 6 1 F ′′ (G 1 ) < 1/600 ≃ 0.0017 corresponds to a stable spiral (damping with oscillations).
